Construction processes planning and e®ective management are extremely important for success in construction business. Head of a design must be well experienced in initiating, planning, and executing of construction projects. Therefore, proper assessment of design projects' managers is a vital part of construction process. The paper deals with an e®ective methodology that might serve as a decision support aid in assessing project managers. Project managers' di®erent characteristics are considered to be more or less important for the e®ective management of the project. Qualifying of managers is based on laws in force and sustainability of project management involving determination of attributes value and weights by applying analytic hierarchy process (AHP) and expert judgement methods. For managers' assessment and decision supporting is used additive ratio assessment method (ARAS ). The model, presented in this study, shows that the three di®erent methods combined (ARAS method aggregated together with the AHP method and the expert judgement method) is an e®ective tool for multiple criteria decision aiding. As a tool for the assessment of the developed model, was developed multiple criteria decision support system (MCDSS) weighting and assessment of ratios (WEAR) software. The solution results show that the created model, selected methods and MCDSS WEAR can be applied in practice as an e®ective decision aid.
Introduction
Selecting a project manager for a construction project is a very important decision for success in continuous monitoring and control. Successful project managers should have relevant experience and knowledge of the technology required by the project they manage. With a focus on di®erent aspects of stakeholders, various sets and groups of success criteria have been suggested in the literature. 1 Decision support system (DSS) could be applied as an e®ective tool for many di®erent problems solving of whole life cycle of projects. 2 Plaza and Turetken 3 created a model-based DSS for integrating the impact of knowledge in project control. The measure changes in the quality and accuracy of decision support information are resulting from the assimilation products. Van Leeuwen et al. 4 developed DSS a model for benchmarking that (a) promotes continuity and synergy within and between government agencies, (b) accommodates scienti¯c, operational, and architectural dynamics, and (c) facilitates transfer of knowledge among research, management, and decision-making agencies. Kaklauskas et al. 5 presented integrated system of multiple criteria analysis for passive houses. Peng et al. 6 investigated empirical evaluation and presented software for risk management.
Multiple Criteria Assessment Model of Construction Projects Managers'
Selecting a design project manager is a complicated task in project management. It is very important to¯nd well-grounded requirements and assess candidates. Dulaimi and Langford 7 developed a theoretical model for identi¯yng di®erent factors that may in°uence project managers' behavior and e®ectiveness. The results strongly suggested that construction¯rms can in°uence the direction and behavior of project managers.
Russell et al. 8 described principles of designing e®ective visual analytic solutions for various construction management functions and applications to the associated analytic reasoning tasks and visual representations including relevant interaction features. A detailed assessment of the images is presented in terms of strengths and weaknesses, and interaction features desired.
One of the leading reference sources for managers is the Guide to the Project Management Body of Knowledge (PMBOK) (2004) introducing a methodology to evaluate human resource management processes in construction projects. Many authors investigated the problems related to successful project management. The performance of each process was determined based on the importance weighting and the proposed e±ciency of each criterion. 9 Russell et al. 10 showed that di®erent criteria are predictors of success at di®erent points. Cheng et al. 11 proposed to predict project success. Menches and Hanna 12 described a process for converting a project manager's qualitative evaluation of \successful performance" to a quantitative measurement. Chou et al. 13 presented a Web-based visualized architecture, design, and implementation for assessing project performance by integrating earned value analysis and database management system.
Aim of a construction project is to build e®ectively and safety qualitative building, which employs all project.
A DSS is a computer-based information system that supports business or organizational decision-making activities. DSSs serve the management, operations, and planning levels of an organization and help to make decisions, which may be rapidly changing and not easily speci¯ed in advance.
DSSs include knowledge-based systems. A properly designed DSS is an interactive software-based system intended to help decision makers compile useful information from a combination of raw data, documents, personal knowledge, or business models to identify and solve problems and make decisions.
Typical information that a decision support application might gather and present are: inventories of information assets (including legacy and relational data sources, cubes, data warehouses, and data marts), comparative sales¯gures between one period and the next, projected revenue¯gures based on product sales assumptions. Decision-making system could be applied in all stages of project life cycle: from cradle to candle.
The multiple criteria assessment model for project managers in construction is presented in Fig. 1 . The procedure of applying the model consists of three stages:
(I) Identi¯cation; (II) Appraisal; (III) Assessment and decision.
In the¯rst stage, stakeholders describe the micro, mezzo, and macro environment. Further, stakeholders' requirements for construction project managers are considered. Project managers must be assessed by a pre-determined set of criteria. The selected criteria could be grouped. Criteria sets are speci¯c for each project.
The second stage is of two levels. The selection criteria describing the main conditions under which the selected projects manager will work are established.
The main stage is the third assessment and decision stage. First, the problem solution methods are to be selected. Investigation process of the problem under consideration is presented in part 3 of the article. The chosen methods are applied and solution results are presented. If the¯nal solution is not accepted, new information is gathered and the next iteration of multi-attribute optimization is started. The general decision is made on the basis of the solution results. The assessment of design project managers is a decision-making procedure based on a multiple criteria set. Multiple criteria decision aid provides several powerful solutions 14À16 to sorting problems. There might be used highly simpli¯ed techniques for the ranking in decision making on suitability of a decision support methods such as the Simple Additive Weighting À À À SAW 16 ; TOPSIS 14 ; AHP. 18À22 There are a lot of peculiarities in determining criteria weights for MCDM methods. 17 Di®erent problems were resolved by applying TOPSIS method. Lin et al. 23 The ranking of design project managers may be done by applying COPRAS method, 34 and ordering of solutions feasible alternatives in terms of preferability technique. 35 The above-mentioned decision-making methods (MCDM or MADM) are employed to assign relative weights to di®erent criteria. There are some di®erent methods to determine weights of attributes. One of the most popular methods is the AHP method. 36, 37 The AHP method was applied to solve a wide range of construction problems:
-Evaluation of construction technology 38 ; -Assessment of strategy under uncertainty 39 ; -Complex evaluation of contracts for construction 40 ; -Qualifying of construction design projects managers 41, 42 ; -Ensemble of software defect predictors 22 ; -Modeling the interaction of transport system elements 44 ; -Determining the importance of operating asphalt mixing plant quality attributes 45 ; -Selection of construction enterprises management 46 ; -Integrated model for shaft sinking method selection 47 ; -The e-banking website quality assessment 48 ; -The fuzzy multiple criteria decision making for architect selection. 49 Jaskowski et al. 50 newly presented selection of criteria weights technique based on a fuzzy AHP method application in group decision environment.
The expert judgment method may be used 17, 51 to determine weights of the criteria.
In 2010, Zavadskas and Turskis 52 developed the ARAS method. The modi¯-cations of ARAS method such as ARAS-F 53 and ARAS-G with grey relations 54 have been developed. The considered method was applied for built and human environment renovation, 55 as well as multiple criteria analysis of foundation instalment alternatives. 56 The model for problem solution is based on multiple criteria decision-making methods and is presented in Fig. 2 .
The procedures of applying the model to rank and select construction project managers consist of the following steps:
(1) Determining initial value of education criteria (AHP method); (2) Determining weights of criteria (expert judgment method); (3) Assessing and ranking design heads (ARAS method).
The main steps of multiple criteria decision making are as follows:
(1) Establishing set of evaluation criteria describing a set of capabilities for attaining the goals;
(2) Developing alternative systems for attaining the goals (generating alternatives); (3) Evaluating alternatives in terms of criteria (the values of the attribute functions); (4) Applying a normative multiple criteria analysis method; (5) Accepting one alternative as \optimal" (preferred); (6) If the¯nal solution is not accepted, new information is gathered and the next iteration of multi-attribute optimization is started.
The Used Methods
Many methods can be used for the development of the multi-stage MCDM assessment model. 57 Three di®erent consolidated MCDM methods such as AHP, 36, 43 expert judgement, 51 and ARAS 52 were selected for problem solution. The AHP method was developed by Saaty in the early 1970s. The aim of AHP is to select the best from a number of alternatives evaluated with respect to several attributes. The scale of relative importance is presented in Table 1 (adapted from  Saaty and Vargas (see Ref. 58)). The AHP algorithm is composed of four phases 37 :
(1) Construction of the hierarchical structure of the decision problem; (2) De¯nition of the preferential information (relative weights) and calculation of the absolute weights; The AHP method is designed to select the best result from a number of analyzed alternatives evaluated with respect to several criteria. Within each level of the hierarchy, the relative importance between each pair of criteria (or among pairs of sub-criteria relating to an upper single criterion) to the overall goal is evaluated. A nine-point scale is used for these evaluations. The desired weights to criteria are applied in the matrix below. Acceptable values range from 1/9 (absolutely less important) to 9 (absolutely more important).
The expert judgment method proposed by Kendall 51 was used to determine the weights of the criteria. This expert judgment method includes the following stages: According to the ARAS method, 52 a utility function value determining the complex relative e±ciency of the feasible alternative is directly proportional to the relative e®ect of values and weights of the main criteria considered in a project.
In the¯rst stage a decision-making matrix (DMM) is worked out. In the MCDM of the discrete optimization problem any problem to be solved is represented by the following DMM of preferences for m feasible alternatives (rows) rated on n signful criteria (columns): ; i ¼ 0;m; j ¼ 1;n; ð1Þ ).
Intensity of importance De¯nition
where m À À À number of alternatives, n À À À number of attributes describing each alternative, x ij À À À the value representing the performance value of the i alternative in terms of the j criterion, and x 0j À À À the optimal value of j criterion. If optimal value of j criterion is unknown, then:
x ij is preferable;
Usually, the performance values x ij and the criteria weights w j are viewed as the entries of a DMM. The system of criteria as well as the values and initial weights of criteria are determined by experts. The information can be corrected by the interested parties by taking into account their goals and opportunities. Then the determination of the priorities of alternatives is carried out in several stages.
Usually, the criteria have di®erent dimensions. The purpose of the next stage is to receive dimensionless weighted values from the comparative criteria. In order to avoid the di±culties caused by di®erent dimensions of the criteria, the ratio to the optimal value is used. There are various theories describing the ratio to the optimal value. However, the values are mapped either on the interval [0; 1] or the interval ½0; 1 by applying the normalization of a DMM.
In the second stage, the initial values of all the criteria are normalized À À À de¯ning values 
The criteria, whose preferable values are maxima, are normalized as follows:
The criteria, whose preferable values are minima, are normalized by applying the following two stage procedure:
When the dimensionless values of the criteria are known, all the criteria, originally having di®erent dimensions, can be compared.
In the third stage a normalized-weighted matrix À À ÀX is constructed. It is possible to evaluate the criteria with weights 0 < q j < 1. Only well-founded weights should be used because weights are always subjective and in°uence the solution. The values of weight w j are usually determined by the expert evaluation method. The sum of weights w j would be limited as follows: 
Normalized-weighted values of all the criteria are calculated as follows:
where w j is the weight (importance) of the j criteria and x ij is the normalized rating of the j criteria.
In the following stage, the values of optimality function are determined as follows:
where S i is the value of optimality function of i alternative. The biggest value is the best, and the least one is the worst. Taking into account the calculation process, the optimality function S i has a direct and proportional relationship with the values x ij and weights w j of the investigated criteria and their relative in°uence on the¯nal result. Therefore, the greater the value of the optimality function S i , the more e®ective the alternative. The priorities of alternatives can be determined according to the value S i . Consequently, it is convenient to evaluate and rank alternatives when this method is used.
The degree of the variant utility is determined by comparing the analyzed variant with the ideally best one S 0 . The equation used for the calculation of the utility degree K i of an alternative a i is given below:
where S i and S 0 are the optimality criterion values obtained from Eq. (9). It is clear that the calculated values K i are in the interval [0, 1] and can be ordered in an increasing sequence, which is the wanted order of precedence. The complex relative e±ciency of a feasible alternative can be determined according to the utility function.
Design Project Managers' Criteria of Requirements based on the Lithuanian Laws in Force
The competence of design project manager and their experience to design di®erent buildings impacts the success of construction projects. Head of design projects must be selected considering supervisory experience, 59, 60 and practical experience. 61 Arditi and Balci 62 evaluated the managerial competences of project managers. They were assessed in 20 di®erent competences. Skipper and Bell 63 focused on two criteria enhancing the performance of construction project managers: (1) the di®erences in leadership behaviors between a top performing group and a control group of construction project managers; and (2) the causal in°uences for those leadership behavior di®erences. They found that the top performers had quanti¯ably better leadership behaviors than the controls.
A head of design determines the style of building design, the design strategy and the interaction with important stakeholders in a competitive environment. According to Technical Construction Regulation, head of design, applying technical construction regulation of a construction works, shall mean a civil engineer who, representing the interests of a builder, organizes the preparation of the design documentation of a construction works, coordinates solutions of parts of the design documentation of the construction works and the activities of the heads of a part of the design documentation of the construction works, supervises and is responsible for the implementation of the requirements of laws, other legislative acts, normative technical construction documents and normative documents pertaining to the safety and purpose of a construction works as well as mandatory documents related to the preparation of the design documentation of a construction works in accordance with the procedure established by the normative technical construction documents and head of a part of design of a construction works shall mean a civil engineer who prepares and manages a part of the design documentation of a construction works alone or supervises a group of specialists preparing a part of the design documentation and is responsible for the implementation of the requirements of laws, other legislation, normative technical construction documents and normative documents pertaining to the safety and purpose of a construction works as well as mandatory documents related to the preparation of the design documentation of a construction works. The Technical Construction Regulation establishes the requirements mandatory to those who seek to serve as heads in the main areas of technical construction activities. 64 Assessment of the head of design is based on the three groups of the skills. 42 As presented in Fig. 3 , the model of head of design criteria requirements is based on the Lithuania laws in force.
In the case concerned technical skills and experience serve as the basis for design project manager ranking and selecting. Technical skill implies an understanding of a speci¯c kind of activity, particularly one that involves methods, processes, procedures, or techniques. They involve specialized knowledge and analytical ability in the use of the tools and techniques of the speci¯c discipline, e.g., construction engineering or information systems. 65 Head of design must have some degree of technical skills, encompassing the technological discipline on which the project is based.
Case Study: Multiple Criteria Assessment of Design Project
Managers' by Applying MCDSS WEAR Many projects are based on the fundamental principles and knowledge of scope, time, cost, quality, human resource, communications, building site, building durability, procurement, project integration created value for clients by e®ectively scheduling and controls. The case study presents testing of the described integrated model for assessment of projects managers in construction. The ARAS method assumes direct and proportional dependence of signi¯cance and priority of the investigated alternatives on a set of criteria that adequately describe the alternatives and is based on the criteria values and weights.
The complex decision problem is decomposed into a hierarchical tree and presented in Fig. 4 .
The experts, involved in the procedure concerned, had to determine the set of criteria and calculate the initial values and weights of attributes. In the head of Fig. 3 . Integrated assessment processes of skills of head of design construction works.
APPLICANT FOR HEAD OF DESIGN CONSTRUCTION WORKS THE RIGHT OF HEAD (OR HEAD OF A PART) OF DESIGN CONSTRUCTION WORKS
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design assessment processes the evaluation criteria were based on the Lithuanian laws in force. The three main groups of skills: education, experience, and personal, were taken into consideration. In the considered case the applicants' legal knowledge was su±cient. Further the applicants' technical and experience skills were assessed. For the problem solution the complex system of the following criteria was developed:
x 0 -Education:
x 01 -Education sphere (sub-criterion of x 0 ); x 02 -Education level (sub-criterion of x 0 );
Criteria group of experience of applicant:
x 11 -Experience of work as a project manager; x 12 -Experience of work as manager of a project part; x 13 -Experience of work in a project designing; x 14 -Total experience of work in civil engineering; x 15 -Experience of work as a designing¯rm chief; x 16 -Experience in projects managing;
x 2 À À À Criteria group of personal skills of applicant:
There are several mutually exclusive sub-criteria which deal with each of the three main groups of the criteria. They could signi¯cantly impact the selection and matching process: the education criterion x 0 which aggregates 2 sub-criteria: education level (x 01 ) and education sphere (x 02 ). The aggregated value of education criterion x 1 can be calculated as follows:
Multi-stage assessment process aggregating three di®erent methods is presented in Figs. 5À7. The process of the data input to the MCDSS WEAR for determining weights of criteria by applying the AHP method is presented in Fig. 6 . The calculation results criteria values for x 0 criterion education are shown in Tables 2 and 3 Criteria weights of x 0 À À À education, x 1 À À À experience of applicant, and x 2 À À À personal skills were established by applying expert questioning method. 20 highskilled experts were asked to rank assessment skills according to the priority. The biggest priority is the most important. The criteria weights were established by applying expert judgment method. 17, 51 Final ranking of the calculation results are presented in Table 4 . 
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In Table 4 x ij is rank of the criterion, where i group of the criteria, j criteria number in the groups: City construction engineer 0.1140
Road engineer 0.0878
Engineer-sanitary technician 0.1560
Mechanic À À À energetic 0.0324
Distance communication engineer 0.0238
Electricity engineer 0.0259 The data of measurement is presented in Fig. 8 (initial DMM X). The weightednormalized values (weighted-normalized DMMX) and solution results using the ARAS method are shown in Fig. 9 . According to the problem solution results, the alternatives rank as follows: a 1 1 a 3 1 a 2 1 a 4 1 a 5 . Consequently, the¯rst project manager is the best and thē fth one is the worst. In this case, the¯rst applicant was selected as a project design manager. The solution results indicate that the proposed model, applying MCDSS WEAR, can be successfully applied for project manager's assessment. Values of e±ciency criteria ranks t jk ; j ¼ 1; . . . ; n; n ¼ 9. 
Conclusion
The case study shows that combining of di®erent multiple criteria methods to solve personel selection, ranking of feasible alternatives is useful tool. The multiple criteria assessment model to assess design project managers' competence level and their experience to design di®erent buildings was developed. A set of criteria weights is determined. The AHP, expert judgement and ARAS methods were employed. The priorities of alternatives were determined according to the utility function value. The application of di®erent consolidated MCDM methods has proved convenient for evaluating and ranking decision alternatives in construction.
The model and solution results are of practical as scienti¯c interest. It allows investor to assess applicants on the multiple criteria basis. Similar to the model developed can be applied in assessing other discrete alternatives in construction. For the achieving goal, which is presented above, a decision support aid MCDSS WEAR software was developed. The solution results show that the created model, selected methods and MCDSS WEAR software can be applied in praxis as an e®ective decision support aid.
